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LIQUID PROCESSING METHOD, LIQUID PROCESSING APPARATUS AND
RECORDING MEDIUM

CROSS—-REFERENCE TO RELATED APPLICATION

[0001] This application claims the priority benefit of
Japanese Patent Application No. 2015-006032, filed on Jan.
15, 2015, the disclosure of which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD
[0001] The present invention relates to a liquid processing

method, a liquid processing apparatus and a recording medium,

BACKGROUND ART

[0002] In a semiconductor manufacturing process, a substrate
is subjected to various types of liquid processing. In some
cases, bubbles are present in a processing liquid to be
applied to a substrate in liguid processing. Patent document
1, for example, discloses a liquid processing apparatus in
which a processing liquid supply pipe is provided with a
bubble removing pipe as a device for removing bubbles from
the processing liquid.

Prior Art Document

Patent Document

[0003] Patent document 1: Japanese Patent Laid-Open
Publication No. H2-119929

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0004] However, if bubbles in a processing liquid are removed
by the liquid processing apparatus described in patent
document 1, bubbles can sometimes be entrained in the
processing liguid when the liquid reaches a substrate. If
the bubbles remain on the substrate, then the coating state
of the processing liquid on the substrate could become

non-uniform.
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[0005] It is an object of the instant disclosure to provide
a liquid processing method, a liquid processing apparatus
and a recording medium for liquid processing which can enhance
the uniformity of the coating state of a processing liquid
on a substrate.

Means for Solving the Problems

[0006] A liguid processing method according to the instant
disclosure comprises: starting the supply of a processing
liquid to a surface of a substrate at an eccentric position
at a distance from the center of rotation of the substrate,
and moving the position on the substrate to which the
processing liquid is supplied toward the centex of rotation
of the substrate while rotating the substrate at a first
rotational speed; and, after the processing liquid supply
position has reached the center of rotation of the substrate,
rotating the substrate at a second rotational speed which

'is higher than the first rotational speed, thereby allowing

the processing liguid to spread toward the periphery of the
substrate.

[0007] Entrainment of bubbles inte a processing liqguid is
likely to occur when the processing liquid reaches a substrate.
According to the instant liquid processing method, the supply
of the processing liquid to the surface of the substrate is

started at an eccentric position at a distance from the center =

of rotation of the substrate. Therefore, entrainment of
bubbles into the processing liquid at the start of supply
of the processing liguid is likely to occur at the eccentric
position. When the processing liquid spreads on the
substrate rotating at the second rotational speed, the
centrifugal force generated at the eccentric position is
larger than the centrifugal force generated in the vicinity
of the center of rotation of the substrate. Further, the
distance from the eccentric position to the periphery of the
substrate is shorter than the distance from the center of
rotation of the substrate to the periphery of the substrate.
Accordingly, bubbles entrained in the processing liquid at
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the start of supply of the processing liguid more easily reach
the periphery of the substrate, and thus are less likely to
remain on the surface of the substrate.

[0008) After the start of supply of the processing liquid,
the processing liguid supply position moves toward the center
of rotation of the substrate while the substrate is rotating,
and therefore the processing liquid is coated in a spiral
manner onto the surface of the substrate. Furthexr, the first

rotational speed of the substrate, at which the substrate

" is rotated until the processing liquid supply position

reaches the center of rotation of the substrate, is lower
than the second rotational speed at which the substrate is
rotated when the processing liquid is allowed to spread on
the substrate. Therefore, when the processing liquid is
coated in a spiral manner onto the substrate, the processing
liguid is prevented from spreading toward the periphery of
the substrate. BAccordingly, a generally circular puddle of
the processing 1liquid is feormed before spreading the
processing liquid by rotating the substrate at the second
rotational speed. This facilitates spreading of the
processing liquid over the entire surface of the substrate
during rotation of the substrate at the second rotational
speed. As described above, according to the instant liquid
processing method, bubbles are less likely to remain on the
substrate and, in addition, the processing liguid is more
likely to spread over the entire surface of the substrate.
This makes it possible to enhance the uniformity of the
coating state of the processing liquid on the substrate.

(00091 The liquid processing method may further comprise
coating a liquid, which promotes spreading of the processing
liquid to the periphery of the substrate, onto an area of
the surface of the substrate which lies outside the position
at which the supply of the processing ligquid is started. The
processing liquid more easily spreads on the surface of the
substrate in the area coated with the liquid which promotes
spreading of the processing liquid. Therefore, bubbles will
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more easily reach the periphery of the substrate. Thus,
bubbles can be further prevented from remaining on the
substrate.

[0010] The supply of the processing liquid to the surface
of the substrate may be started at a position whose distance
to the center of rotation of the substrate is more than 0%
and not more than 40% of the radius of the substrate. As
described above, by starting the supply of the processing
liguid to the substrate at an eccentric position at a distance
from the center of rotation of the substrate, bubbles
entrained in the processing liquid at the start of supply
of the processing liquid more easily reach the periphery of
the substrate. On the other hand, if the eccentric position
is too far from the center of rotation of the substrate, it
takes a long time to form a puddle of the processing liquid
when the substrate is rotating at the first rotational speed,
and therefore it takes a long time to complete the coating
process. By setting the eccentric position at which the
supply of the processing liquid is started to be more than
0% and not more than 40% of the radius of the substrate,
bubbles can be prevented from remaining 6n the substrate while
maintaining the processing time within an acceptable range.
[0011] The amount of the processing liquid supplied to the
surface of the451‘11.>strate per unit time may be made smaller
when the substrate is rotating at the first rotational speed
than that when the substrate is rotating at the second
rotational speed. This can reduce the entrainment of bubbles
into the processing liquid during the formation of the puddle,
thereby further preventing bubbles from remaining on the
substrate.

[0012] The amount of the processing liquid supplied to the
surface of the substrate per unit time may be made smaller
when starting the supply of the processing liquid than that
when the processing liquid supply position is moving toward
the center of rotation of the substrate. This can reduce the

entrainment of bubbles into the processing liquid at the start
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of supply of the processing liquid, thereby <further
preventing bubbles from remaining on the substrate.
[0013] The substrate may be rotated at least one revolution
after starting the supply of the processing liquid and before
moving the processing liquid supply position toward the
center of rotation of the substrate. In this case, the
processing liquid is first coated in an annular shape on the
surface of the substrate, and then coated in a spiral manner
onto the area of the surface which lies inside the annular
coating. This can make the shape of the puddle of the
processing liquid more circular, and thus can prevent the
puddle from becoming non-uniform in the circumferential
direction. Therefore, when rotating the substrate at the
second rotational speed, the processing liquid is more likely
to spread uniformly over the entire surface of the substrate.
[0014] The moving speed of the processing liquid supply
position may be increased as it approaches the center of
rotation of the substrate. This enhances the uniformity of
the thickness of the puddle., Therefore, the processing
liquidmore easily spreads on the substrate when the substrate
is rotated at the second rotational speed.

[0015] The rotational speed of the substrate may be increased
as the processing liquid supply position approaches the
center of rotation of the substrate. This enhances the
uniformity of the thickness of the puddle. Therefore, the
processing liguid more easily spreads on the substrate when
the substrate lis rotated at the second rotational speed.
[0016] The distance between an outlet opening for ejecting
the proceséing liquid toward the substrate and the surface
of the substrate may be made shorter when the substrate is
rotating at the second rotational speed than that when the
substrate is rotating at the first rotational speed. When
the rotational speed of the substrate is increased from the
first rotational speed to the second rotational speed, a
liquid column extending from the outlet opening to the

substrate can sometimes tilt due to the high-speed rotation
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of the substrate, resulting in non-uniform coating of the
processing liquid on the surface of the substrate. The
liquid column is less likely to tilt by making the distance
between the outlet opening and the surface of the substrate
shorter when the substrate is rotating at the second
rotational speed. This can enhance the uniformity of the
coating state of the processing liquid on the substrate.
[0017]) A liquid processing apparatus according to the instant
disclosure comprises: a rotary holder configured to hold and
to rotate a substrate; a nozzle disposed above the substrate;
a nozzle moving section c¢onfigured to move the nozzle; a
processing liquid supply section configured to supply a
processing liguid to the nozzle; and a controller configured
to control the rotary holder to rotate the substrate at a
first rotational speed, to control the nozzle moving section
to move the nozzle to a position above an eccentric position
on the substrate which lies at a distance from the center
of rotation of the substrate, to control the processing liquid
supply section to start the supply of the processing liquid
to the surface of the substrate at the eccentric position
at a distance from the center of rotation of the substrate,
to control the nozzle moving section so that the position
on the substrate to which the processing liquid is supplied
moves towarxrd the center of rotation of the substrate and,
after the processing liquid supply position has reached the
center of rotation of the substrate, to control the rotary
holder to rotate the substrate at a second rotational speed
which is higher than the first rotational speed, thereby
allowing the processing liquid to spread on the surface of
the substrate.

[0018] A recording medium according to the instant disclosure
stores a program for causing an apparatus to perform the
above-described liquid processing method.

Advantageous Effects of the Invention

[0018] According to the instant disclosure, the uniformity
of the ccating state of a processing liquid on a substrate
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can be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[(0020) FIG., 1 is a perspective view showing a schematic
construction of a substrate processing system according to
an embodiment of the present invent:

FIG. 2 is a cross-sectional view taken along the line
IT-II of FIG. 1;

FIG. 3 is a cross-sectional view taken along the line
III-III of FIG. 2;

4 FIG. 4 is a diagram showing a schematic construction
of a coating unit;

FIG. 5 is a flow chart showing a procedure for
performing a liquid processing method;

FIGS. 6A through 6D are side views illustrating coating
of a processing liquid onto a substrate surface;

FIGS. 7A through 7C are side views illustrating coating
of the processing liquid onto the substrate surface;

FIG. 8 is a plan wview illustrating coating of the
processing liquid onto the substrate surface;

FIG. 9 is a plan view illustrating coating of the
processing liquid onto the substrate surface;

FIG. 10 is a plan view illustrating coating of the
processing liquid onto the substrate surface;

FIGS. 1l1A and 11B are graphs showing a relationship
between the rotational speed of a substrate and the supply
rate of a processing liquid;

FIGS. 12A and 12B are side views each schematically
showing a nozzle and a substrate;

FIG. 13 is a flow chart showing a procedure for
performing a liquid processing method according to a
reference embodiment; and

FIGS. 14A and 14B are graphs showing a relationship
between the rotational speed of a substrate and the supply

rate of a processing liguid.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0021] [Substrate processing system]

At the outset, a substrate processing system 1
according to an embodiment of the present invention will be
described with reference to FIGS. 1 through 3. As shown in
FIG. 1, the substrate processing system 1 includes a
coating/developing apparatus 2 and an exposure apparatus 3.
The exposure apparatus 3 performs exposure processing of a
resist film (photosensitive coating). In particular, an
exposure target portion of the resist filmis irradiated with
energy rays by an exposure method such as liquid immersion
exposure.

[0022] The coating/developing apparatus 2 performs
processing to form a resist film on a surface of a wafer W
{substrate) before exposure processing by means of the
exposure apparatus 3, and performs development processing
of the resist film after the exposure processing.

[0023] As shown in FIGS. 2 and 3, the coating/developing
apparatus 2 includes a carrier block 4, a processing block
5 and an interface bleck 6. The carrier block 4, the
processing block 5 and the interface block 6 are arranged
side-by-side in a horizontal direction.

[0024] The carrier block 4 includes a carrier station 12 and
a carry-in/carry-out section 13. The carry-in/carry-out
section 13 is located between the carrier station 12 and the
processing block 5. The carrier station 12 supports a
plurality of carriers 11. The carriers 11 each house a
plurality of substrates, e.g. circular wafers W, in a
hermetically-sealed condition. Each carrier 11 has, in one
side 1la, an opening/closing doof for taking a wafer W in
and out. The carriers 11 are detachably installed on the
carrier station 12 with the sides 1la facing the
carry-in/carry-out section 13.

[0025] The carry-in/carry-out section 13 has opening/closing
doors 13a corresponding to the carriers 1l on the carrier

station 12. By simultaneously opening the opening/closing
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door in the side 1lla of a carrier 1l and the corresponding
opening/closing door 13a, the interior of the carrier 11
communicates with the interior of the carry-in/carry-out
section 13. The carry-in/carry-out section 13 has, in its
interior, a transfer arm Al (see FIGS. 2 and 3). The transfer
arm Al takes a wafer W out of a carrier 11 and transfers the
wafer W to the processing block 5. Further, the transfer arm
Al receives a wafer W from the processing block 5 and returns
the wafer W into the carrier 11.

[0026] The processing block 5 includes processing modules
14, 15, 16, 17. The processing modules 14, 15, 16, 17 each
contain a plurality of ceating units Ul, a plurality of
thermal treatment units U2, and a transport arm A3 for
transporting a wafer W to these units (see FIG. 3). The
processing module 17 further contains a direct transport arm
A6 for transporting a wafer W without via the coating units
Ul and the thermal treatment units U2 (see FIG. 2). The
coating units Ul each apply a resist solution, or a liquid
for processing associated with the formation of a resist film,
to the surface of a wafer W.

[0027] The processing module 14 is a BCT module for forming
a lower film on the surface of a wafer W by means of the coating
unit Ul and the thermal treatment unit U2. The coating unit
Ul of the processing module 14 applies a liquid for forming
a lower f£ilm onto a wafer W. The thermal treatment unit U2
of the processing module 14 performs a thermal treatment
associated with the formation of the lower film.

[0028] The processing module 15 is a COT module for forming
a resist £ilm on the lower f£ilm by means of the coating unit
Ul and the thermal treatment unit U2. The coating unit 01
of the processingmodule 15 applies a 1iquid (resist solution)
for forming a resist f£ilm onto the lower film. The thermal
treatment unit U2 of the processing module 15 performs a
thermal treatment associated with the formation of the resist
film.

[0029] The processing module 16 is a TCT module for forming
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an upper film on the resist film by means of the coating unit
Ul and the thermal treatment unit U2. The coating unit Ul
of the processing module 16 applies a liquid for forming an
upper film onto the resist f£ilm. The thermal treatment unit
U2 of the processing module 16 performs a thermal treatment
associated with the formation of the upper film.

[0030] The processing module 17 is a DEV module for performing
development processing of a resist film after exposure by
means of the coating unit Ul and the thermal treatment unit
U2. The developing unit performs development processing of
the resist film by applying a developer onto the surface of
the wafer W after exposure, and then rinsing off the developer
with a rinsing liquid. The thermal treatment unit performs
a thermal treatment associated with the development
processing. The thermal treatment may be exemplified by a
PEB (Post-Exposure Bake) treatment before development and
a PB (Post Bake) treatment after development.

[0031] In the processing block 5, a shelf unit Ul0 is provided
in a position near the carrier block 4, and a shelf unit Ul1l
is provided in a position near the intexface block 6 (see
FIGS. 2 and 3). The shelf unit Ul0 extends from the floor
to the processing module 16, and is divided into a number
of cells arranged side-by-side in the vertical direction.
A lifting arm A7 is provided in the vicinity of the shelf
unit Ul10. The lifting arm A7 vertically moves a wafer W
between the cells of the shelf unit U10. The shelf unit Ull
extends from the floor to the top of the DEV module 17, and
is divided into a number of cells arranged side-by-side in
the vertical direction.

[0032] The interface block 6 contains a transfer arm AB, and
is connected to the exposure apparatus 3. The transfer arm
AB transfers a wafer W in the shelf unit Ull to the exposurxe
apparatus 3, and receives a wafer W from the exposure
apparatus 3 and returns the wafer W to the shelf unit Ull.
[0033] The substrate processing system 1 performs a
coating/developing process by the following procedure.
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First, the transfer arm Al transports a wafer W in the carrier
11 to the shelf unit U10. The lifting arm A7 places the wafer
W in a cell for the processing module 14, and the transport
arm A3 transports the wafer W between predetermined units
in the processing module 1l4. The coating unit Ul and the
thermal treatment unit U2 of the processing module 14 form
a lower film on the surface of the wafer W which has been
transported by the transport arm A3. Upon completion of the
formation of the loﬁer film, the transport arm A3 returns
the wafer W to the shelf unit U10.

[0034] Next, the lifting arm A7 places the wafer W, which
has been réturned to the shelf unit Ul0, in a cell for the
processing module 15, and the transport arm A3 transports
the wafer W between predetermined units in the processing
module 15. The coating unit Ul and the thermal treatment unit
U2 of the processing module 15 form a resist £ilm on the lower
filmof the wafer W which has been transported by the transport
arm A3. Upon completion of the formation of the resist film,
the transport arm A3 returns the wafer W to the shelf unit
Ul0. ‘

[0035] Next, the lifting arm A7 places the wafer W, which
has been returned to the shelf unit Ul0, in a cell for the
processing module 16, and the transport arm A3 transports
the wafer W between predetermined units in the processing
module 16. The coating unit Ul and the thermal treatment unit
U2 of the processing module 16 form an upper filmon the resist
film of the wafer Wwhich has been transported by the transport
arm A3. Upon completion of the formation of the upper fiim,
the transport arm A3 returns the wafer W to the shelf unit
U10.

[0036] Next, the lifting arm A7 places the wafer W, which
has been returned to the shelf unit Ul0, in a cell for the
processing module 17, and the direct transport arm A6
transports the wafer W to the shelf unit Ull. The transfer
arm AB transfers the wafer W to the exposure apparatus 3,

Upon completion of exposure processing in the exposure
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apparatus 3, the transfer arm AB receives the wafer W from
the exposure apparatus 3, and returns the wafer W to the shelf
unit Ull.

[0037] Next, the transport arm A3 of the processing module
17 transports the wafer W, which has been returned to the
shelf unit Ull, between predetermined units in the processing
module 17. The coating unit Ul and the thermal treatment unit
U2 of the processing module 17 perform development processing
of the resist film and associated thermal treatment on the
wafer W which has been transported by the transport arm A3.
Upon completion of the development of the resist film, the
transport arm A3 transports the wafer W to the shelf unit
10.

[0038] Next, the lifting arm A7 places the wafer W, which
has been transported to the shelf unit U10, in a cell for
transfer, and the transfer arm Al returns the wafer W into
the carrier 11, thereby completing the coating/developing
process.

[0039] [Liquid processing apparatus]

The construction of the coating unit Ul as an exemplary
liquid processing apparatus will now be described in detail.
As shown in FIG. 4, the coating unit Ul includes a rotary
holder 20, a processing liquid supply section 30, =a
pre-wetting liquid supply section 40, a nozzle moving section
50, and a controller 60.

[0040] The rotary holder 20 includes a holder portion 22,
a rotating portion 24 and a lifting portion 26, and holds
and rotates a wafer W. The holder portion 22 attracts and
holds a central portion of the wafer W, e.'g. held in a
horizontal position, from below. The rotating porxtion 24
rotates the holder portion 22 on a vertical axis by means
of a power source such as a motor. The lifting portion 26
vertically moves the holder portion 22.

[0041) The holder portion 22 is housed in a cup 28. The cup
28 opens upward. The cup 28 recovers a processing liguid that
has been forced out of the wafer W. The cup 28 has, in the
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bottom 28a, a drainage port 28b to which is connected a
drainage duct (not shown).

[0042] The processing liquid supply section 30 includes a
processing liquid supply source 31, a nozzle 32 and a valve
33. The processing liquid supply source 31 is connected via
a line 34 to the nozzle 32. The processing liquid supply
source 31 feeds a processing liquid to the nozzle 32 by means
of a pump (not shown). Theprocessing liquidis, for example,
a resist solution for forming a resist film on the surface
Wa of the wafer W. The viscosity of the resist liquid is,
for example, 20 to 220 cP. :

[0043] The nozzle 32 is disposed above the holder portion
22. The nozzle 32 has a downwardly-open orifice (outlet
opening) 32a, and downwardly ejects the processing liquid
supplied from the processing liquid supply source 31. The

valve 33 is provided in the line 34. The valve 33 adjusts

the degree of opening of the line 34.

[0044] When the processing liquid is fed to the nozzle 32
from the processing liquid supply source 31, the processing
liquid is ejected downwardly from the nozzle 32 and supplied
onto the surface Wa of the wafer W held on the holder portion
22,

(0045] The pre~wetting liquid supply section 40 includes a
pre-wetting ligquid supply source 41, a nozzle 42 and a valve
43. The pre-wetting liquid supply source 41 ié connected via
a line 44 to the nozzle 42. The pre-wetting liquid supply
source 41 feeds a pre~-wetting liquid to the nozzle 42 by means
of a pump (not shown). The pre-setting liquid is a liquid
which promotes spreading of the processing liquid on a wafer.
A liquid whose wetting to the surface Wa of the wafer W is
higher than the processing liquid, for example, is preferably
used as the pre-wetting liguid. 2 thinner is an example of
such a ligquid.

[0046] The nozzle 42 is disposed above the holder portion
22. The nozzle 42 opens downwardly, and downwardly ejects

the pre-wetting liquid supplied from the pre-wetting liquid
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supply source 41. The valve 43 is provided in the line 44.
The valve 43 adjusts the degree of opening of the line 44.
[0047] When the pre-wetting liquid is fed to the nozzle 42
from the pre-wetting liquid supply source 41, the pre-wetting
liquid is ejected downwardly from the nozzle 42 and supplied
onto the surface Wa of the wafer W held on the holder portion
22.

[0048] The nozzle moving section 50 includes a guide rail
51, movable bodies 52, 53 and drives 54 to 56.

[0049] The guide rail 51 extends horizontally above and beside
the cup 28. The movable bedy 52 is mounted to the guide rail
51. The movable body 52 has an arm 52a holding the nozzle
32. The movable body 53 is mounted to the guide rail 51. The
movable body 53 has an arm 53a holding the nozzle 42,
[0050] The drive 54 moves the movable body 52 along the guide
rail 51, thereby horizontally moving the nozzle 32. The
drive 55 vertically moves the arm 52a, thereby vertically
moving the nozzle 32. The drive 56 moves the movable body
53 along the guide rail 51, thereby horizontally moving the
nozzle 42. The drives 54 to 56 each use an electric motor
or the like as a power source.

[0051] The controller 60 includes a transport control section
61, a rotation control section 62, a first supply position
control section 63, a second supply position control section
64, a first supply amount control section 65, and a second
supply amount control section 66.

[0052] The transport control section 61 controls the holder
portion 22, the lifting portion 26 and the transport arm A3
tocarry awafer into/ocut of the coatingunit Ul. The rotation
control section 62 controls the rotating portion 24 to rotate
a wafer W. The first supply position control section 63
controls the drive 54 to horizontally move the nozzle 32,
and controls the drive 55 to vertically move the nozzle 32.
The second supply position control section 64 controls the
drive 56 to horizontally move the nozzle 42. The first supply

amount control section 65 controls the processing liquid



10

15

20

25

30

35

15

supply source 31 and the valve 33 to adjust the amount of
the processing liquid supplied from the nozzle 32. The
second: supply amount control section 66 controls the
pre-wetting liquid supply source 41 and the valve 43 to adjust
the amount of the pre-wetting liquid supplied from the nozzle
42,

[0053]) The controller 60 may be comprised of one or more
contreol computers. The controller €0 includes elements,
such as a processor, a memory and a monitor of the control
computer (s), which operate in cooperation with each other.
The hardware constituting the elements of the controller 60
is not limited to a processor, a memory and a monitor. For.
example, the controller 60 may include, as an element, an
electrical circuit specialized for a particular function,
or an ASIC (Application Specific Integrated Circuit) inwhich
such electrical circuits are integrated.

[0054] A program for causing the control computer(s) to
function as the controller 60 may be recorded on a
computer—-readable recording medium. Thus, the software for
causing the liquid processing apparatus to perform the
below-described liquid processing method is recorded on the
recording medium. Examples of the computer~readable
recording medium include a hard disk, a compact disk, a flash
memory, a flexible disk, a memory card, etc.

[0055] [Liguid processing method]

A procedure for coating a processing liquid by means
of the coating unit Ul will now be described as an exemplary
liquid processing method.

[0056] As shown in FIG. S5, the controller 60 first performs
step S01. In step S01, the transport control section 61
controls the holder portion 22, the lifting portion 26 and
the transport arm A3 to carry a wafer W into the coating unit
Ul. Inparticular, the transport control section 61 controls
the lifting portion 26 to raise the holder portion 22 out
of the cup 28, controls the transport arm A3 to place a wafer
W on the holder portion 22, controls the holder portion 22
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to attract the wafer W placed on it, and controls the lifting
portion 26 to lower the wafer W inte the cup 28.

[0057] Next, the controller 60 performs step S02. In step
S02, the rotation control section 62 controls the rotating
portion 24 to rotate the wafer W to be processed at a first
rotational speed wl. The first rotational speed 0l is, for
example, more than 0 rpm and not more than 120 rpm.
[0058] Next, the controller 60 performs step S03. In step
503, the second supply position control section 64 controls
the drive 56 to move the nozzle 42 to a position above a
position on the wafer W which lies nearer to the periphery
of the wafer W than the below-described supply start position
at which the supply of a processing liquid R is started.
Thereafter, the second supply amount control section 66
controls the pre-wetting liquid supply source 41 and the valve
43 so that a pre-wetting liquid S is ejected from the nozzle
42 (FIG. 6A). Consequently, the pre-wetting liquid 8§ is
coated on the surface Wa of the wafer W in a peripheral area
lying outside the position at which the supply of a processing
liquid R is started (see FIG. B8). The amount of the
pre-wetting liquid S supplied per unit time is, for example,
25 to 125 ml/sec.

[0059] Next, the controller 60 performs step S04. In step
S04, the first supply position control section 63 controls
the drive 54 to move the nozzle 32 to a position above an
eccentric position on the wafer W which lies at a distance
from the center CL1 of rotation of the wafer W. For example,
the first supply position control section 63 controls the
drive 54 to move the nozzle 32 to a position above a position
on the wafer W whose distance to the center CL1 of rotation
of the wafer W is more than 0% and not more than 40% of the
radius of the wafer W.

[0060] Next, the controller 60 performs steps S05 and $06,
In step S05, the first supply amount control section 65
controls the processing liquid supply source 31 and the valve
33 so that the processing liquid R is ejected from the nozzle
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32. The supply of the processing liquid R to the surface Wa
of the wafer W is started at the eccentric position at a
distance from the center CLl of rotation of the wafer W (see
FIG. ©A}.

[0061]) In step S05, the amount of the procéssing liquid R
supplied from the nozzle 32 to the wafer W per unit time
(hereinafter referred to as “supply rate”) is set lower than
the supply rate required in later processing. Therefore, in
step S06, the first supply amount control section 65 controls
at least one of the processing liquid supply souxce 31 and
the valve 33 to increase the supply rate of the processing
liquid R. FIG. 11A is a graph showing change in the supply
rate over time. In the graph, time tl indicates the time of
execution of step S06, It is also possible for the first
supply amount control section 65 to gradually increase the
supply rate by gradually opening the valve 33. The supply
rate may be set arbitrarily e.g. based on the viscosity of
the processing liguid R.

[0062] Next, the controller 60 performs step S07. In step
S07, the controller 60 waits for the wafer W to rotate at
least one revolution, whereby the processing liquid R is
coated in an annular shape on the surface Wa of the wafer
W (see FIG. 8). .

[0063] Next, the controller 60 performs step S08. In step
S08, the first supply position control section 63 controls
the drive 54 to move the nozzle 32 toward a position above
the center CL1 of rotation of the wafer W (see FIG. 6B). Since
the position on the wafer W to which the processing liquid
R is supplied moves toward the center CL1l of rotation of the
wafer W, the processing liquid R is coated in a spiral manner
onto the surface Wa ¢of the wafer W {see FIG, 9). The moving
speed of the nozzle 32 when it moves to the position above
the center CL1 of rotation of the wafer W is, for example,
4 mm/sec in this embodiment.

[0064] In step S08, the rotation control section 62 may
control the rotating portion 24 so that the rotational speed
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of the wafer W increases as the processing liguid supply
position approaches the center CLl of rotation of the wafer
W, In particular, the rotation control section 62 may
control the rotating portion 24 so that the moving speed
{linear speed) of the wafer W just below the nozzle 32 becomes
constant. Further, in step S08, the first supply position
control section 63 may control the drive 54 so that the moving
speed of the processing liquid supply position increases as
it approaches the center CL1 of rotation of the wafer W. The
control to increase the rotational speed of the wafer W as
the processing liquid supply position approaches the center
CL1 of rotatior; of the wafer Wnay be performed in combination
with the control to increase the moving speed of the
processing liquid supply position as it approaches the center
CL1 of rotation of the wafer W.

[0065] Next, the controller 60 performs step S09. In step
S09, the controller 60 waits for the nozzle 32 to reach the
center CLl of rotation of the wafer W.

[0066] Next, the controller 60 performs step S10 (see FIG.
10). 1In step S10, the first supply position control section
63 controls the drive 55 to shorten the distance between the
orifice 32a of the nozzle 32 and the surface Wa of the wafer
W (see FIG. 6C). For example, the distance between the
orifice 32a and the surface Wa is 4 to 6 mm before execution
of step 510, and 2 to 4 mm after execution of step S510.
[0067] Next, the controller 60 performs step Sll. In step
S11, the rotation control section 62 controls the rotating
portion 24 to change the rotational speed of the wafer W to
a second rotational speed ©2. FIG. 11B is a graph showing
change in the rotational speed of the wafer W over time. In
the graph, time t2 indicates the time of execution of step
S11. As shown in the graph, the second rotational speed w2
is higher than the first rotational speed wl. Therefore, the
processing liquid R spreads to the periphery of the wafer
W (see FIG., 6D). The second rotational speed ©2 is, for
example, 1500 to 4000 xrpm. As described above, the orifice
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32a of the nozzle 32 has come closer to the surface Wa of
the wafer W in step S$10. Thus, the distance between the
orifice 32a and the surface Wa is shorter when the wafer W
is rotating at the second rotational speed @2 than when the
wafer W is rotating at the first rotational speed wl.
[0068] Next, the controller 60 performs step S12. In step
S$12, the first supply amount control section 65 controls the
processing liquid supply source 31 to increase the supply
rate of the processing liquid R. In the graph shown in FIG.
11A, time t3 indicates the time of execution of step S12.
[0069] Next, the controller 60 performs step S13. In step
513, the controller 60 waits for a preset reference time T1
to elapse. The reference time Tl is, for example, set such
that it allows for the processing liquid R to fully spread
on the surface Wa of the wafer W. In this embodiment the
reference time Tl is, for example, one second.

[0070] Next, the controller 60 pexforms steps 514 and S15.
In step S14, the rotation control section 62 controls the
rotating portion 24 to change the rotational speed of the
wafer W to a third rotational speed w3 (see FIG. 73). InFIG.
11B, time t4 indicates the time of execution of step S14.
As shown in FIG. 11B, the third rotational speed w3 is lower
than the second rotational speed w2. In one example, the
third rotational speed 03 is set equal to the first rotational
speed ol in step S11,

[0071] In step 515, the first supply amount control section
65 controls the processing liquid supply source 31 and the
valve 33 to stop the supply of the processing liquid R (see
FIG. 7B). InFIG. 11A, time t5 indicates the time of execution
of step S815.

[0072] On or after the execution of step 15, the first supply
position control section 63 may control the drive 55 to
restore the distance between the orifice 32a of the nozzle
32 and the surface Wa of the wafer W to that before the
execution of step 10.

(0073) Next, the controller 60 performs step S16. In step
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516, the rotation control section 62 controls the rotating
portion 24 to rotate the wafer W at a fourth rotational speed
©4 (see FIG. 7C). In FIG. 11B, time t6 indicates the time
of execution of step S16. As shown in FIG. 11B, the fourth
rotational speed wd is higher than the third rotational speed
»®3 and lower than the second rotational speed w2,

[0074] Next, the controller 60 performs step S§17. In step
S17, ‘the controller 60 waits for a preset reference time T2
to elapse (see FIG. 7C). The reference time T2 is set such
that it allows for the liquid f£ilm on the surface Wa of the
wafer W to dry. The reference time T2 is, for example, 20
to 60 seconds. A coating film is thus formed on the surface
Wa of the wafer W.

[0075] Next, the controller 60 performs step S18. In step
518, the transport control section 61 controls the holder
portion 22, the lifting portion 26 and the transport arm A3
to carry the wafer W out of the coatingunit Ul. Inparticular,
the transport control section 61 controls the 1ifting portion
26 to raise the holder portion 22 out of the cup 28, controls
the holder portion 22 to release the attraction of the wafer
W, controls the transport arm A3 to receive the wafer W from
the holder portion 22 and carry out the wafer W, and controls
the lifting portion 26 to lower the holder portion 22 into
the cup 28.

[0076] While the procedure for coating a processing liquid
by means of the coating unit Ul has been described, the order
of the above steps may be changed arbitrarily.

[0077] As described hereinabove, the liquid processing method
according to the instant disclosure comprises: starting the
supply of a processing liquid R to the surface Wa of a wafer
W at an eccentric position at a distance from the center CL1
of rotation of the wafer W, and moving the position on the
wafer W to which the processing liquid R is supplied toward
the center CL]l of rotation of the wafer W while rotating the
wafer W at a first rotational speed ol; and, after the.
processing ligquid supply position has reached the center CL1
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of rotation of the wafer W, rotating the wafer W at a second
rotational speed 02 which is higher than the first rotational
speed wl, thereby allowing the processing liguid R to spread
toward the periphery of the wafer W,

[0078] Entrainment of bubbles into the processing liguid R
is likely to occur when the processing liquid R reaches the
wafer W, According to the liquid processing method of this
embodiment, the supply of the processing liquld R to the
surface Wa of the wvafer W is started at an eccentric position
at a distance from the center CL1 of rotation of the wafer
W. Therefore, entrainment of bubbles into the processing
liquid R at the start of supply of the processing liquid R
is likely to occur at the eccentric position. When the
processing liquid R spreads on the wafer W rotating at the
second rotational speed w2, the centrifugal force generated
at the eccentric position is larger than the centrifugal force
generated in the vicinity of the center CLl1 of rotation of
the wafer W. Further, the distance from the eccentric
position to the periphery of the wafer W is shorter than the
distance from the center CL1 of rotation of the wafer W to
the periphery of the wafer W. Accordingly, bubbles entrained
in the processing liquid R at the start of supply of the
processing liquid R more easily reach the periphery of the
wafer W, and thus are less likely to remain on the surface
Wa of the wafer W.

[0079] After the start of supply of the processing liquid
R, the processing liquid supply position moves toward the
center CL1 of rotation of the wafer W while the wafer W is
rotating, and therefore the processing liquid R is coated
in a spiral manner onto the surface Wa of the wafer W. The
first rotational speed ®l1l of the wafer W, at which the wafer
W is rotated until the processing liquid supply position
reaches the center CL1 of rotation of the wafer W, is lower
than the second rotational speed ©2 at which the wafer W is
rotated when the processing liquid R is allowed to spread
on the wafer W, Therefore, when the processing liquid R is
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coated in a spiral manner onto the wafer W, the processing
liquid R is prevented from spreading toward the periphery
of the wafer W. Accordingly, a generally circuiar puddle of
the processing liguid R is formed before spreading the
processing liquid R by rotating the wafer W at the second
rotational speed w2. This facilitates spreading of the
processing liquid R over the entire surface Wa of the wafer
W during rotation of the wafer W at the second rotational
speed w2. As described above, according to the liquid
processing method of this embodiment, bubbles are less likely
to remain on the wafer W and, in addition, the processing
liguid R is more likely to spread over the entire surface
Wa of the wafer W. This makes it possible to enhance the
uniformity of the coating state of the processing liquid R
on the wafer W.

[00B0] The liquid processing method may further comprise
coating a liquid, which promotes spreading of the processing
liguid R to the periphery of the wafer W, onto an area of
the surface Wa of the wafer W which lies outside the position
at which the supply of the processing liquid R is started.
The processing liquid R more easily spreads on the surface
Wa of the wafer W in the area coated with the liquid which
promotes spreading of the processing liquid R. Therefore,
bubbles will more easily reach the periphery of the wafer
W. Thus, bubbles can be further prevented from remaining on
the wafer W.

[0081] The supply of the processing liguid R onto the surface
Wa of the wafer W may be started at a position whose distance
to the center CL1l of rotation of the wafer W is more than
0% and not more than 40% of the radius of the wafer W. As
described above, by starting the supply of the processing
liquid R to the wafer W at an eccentric position at a distance
from the center CLl1 of rotation of the wafer W, bubbles
entrained in the processing liquid R at the start of supply
of the processing liquid R more easily reach the periphery
of the wafer W. On the other hand, if the eccentric position
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is too far from the center CLl of rotation of the wafer W,
it takes a long time to form a puddle of the processing liquid
R when the wafer W is rotating at the first rotational speed
wl, and therefore it takes a long time to complete vthe coating
process. By setting the eccentric position at which the
supply of the processing liquid R is started to be more than
0% and not more than 40% of the radius of the wafer W, bubbles
can be prevented from remaining on the wafer W while
maintaining the processing time within an acceptable range.
[0082] The amount of the processing liquid R supplied to the
surface Wa of the wafer W per unit time may be made smaller
when the wafer W is rotating at the first rotational speed
»l than when the wafer W is rotating at the second rotational
speed ®w2. This can reduce the entrainment of bubbles into
the processing liquid R during the formation of the puddle,
thereby further preventing bubbles from remaining on the
wafer W.

[0083] The amount of the processing liquid R supplied to the
surface Wa of the wafer W per unit time may be made smaller
when starting the supply of the processing liquid R than when
the processing liquid supply position is moving toward the
center CL1 of rotation of the wafer W. This can reduce the
entrainment of bubbles into the processing liquid R at the
start of supply of the processing liquid R, thereby further
preventing bubbles from remaining on the wafer W.

[0084]) In the above-described embodiment, the first supply
amount control section 65 may control the rate of opening
of the valve 33 so as to gradually increase the supply rate
of the processing liquid R. The gentle change in the
processing liquid supply rate can further reduce the
entrainment of bubbles into the processing liquid R at the
start of supply of the processing liquid R. This can further
prevent bubbles from remaining on the wafer W.

[0085] The wafer W may be rotated at least one revolution
after starting the supply of the processing liquid R and
before moving the processing liquid supply position toward
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the center CL1 of rotation of the wafer W. In this case, the
processing liguid R is first coated in an annular shape on
the surface Wa of the wafer W, and then coated in a spiral
manner onto the area of the surface Wa which lies inside the
annular coating. This can make the shape of the puddle of
the processing liquid R more circular, and thus can prevent
the puddle from becoming non-uniform in the circumferential
direction. Therefore, when rotating the wafer W at the
second rotational speed w2, the processing liquid R is more
likely to spread uniformly over the entire surface Wa of the
wafer W. .

[0086] The moving speed of the processing liquid supply
position may be increased as it approaches the center CL1
of rotation of the wafer W. This enhances the uniformity of
the thickness of the puddle. 'fherefore, the processing
liquid R more easily spreads on the wafer W when the wafer
W is rotated at the second rotational speed n2.

[0087] The rotational speed of the wafer W may be increased
as the processing liquid supply position approaches the
center CL1 of rotation of the wafer W. This enhances the
uniformity of the thickness of the puddle. Therefore, the
processing liquid R more easily spreads on the wafer W when
the wafexr W is rotated at the second rotational speed w2.
(0088] The distance between the orifice 32a of the nozzle
32 and the surface Wa of the wafer W may be made shorter when
the wafer W is rotating at the second rotational speed ©2
than when the wafer W is rotating at the first rotational
speed wl. FIGS. 12A and 12B each illustrate a liquid column
extending from the orifice 32a to the wafer W; FIG. 12A
illustrates the state of the liquid column as observed when
the wafer W is rotating at the first rotational speed ol,
and FIG. 12B illustrates the state of the liquid column as
observed when the wafer W is rotating at the second rotational
speed ©2. As shown in FIGS., 12A and 12B, when the rotational
speed of the wafer W is increased from the first rotational
speed vl to the second rotational speed ©2, the liquid column
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extending from the orifice 32a to the wafer W can sometimes

tilt due to the high-speed rotation of the wafer W, resulting
in non-uniform coating of the processing liquid R on the
surface Wa of the wafer W, The liquid column is less likely
to tilt by making the distance h between the orifice 32a of
the nozzle 32 and the surface Wa of the wafer W shorter when
the wafer W is rotating at the second rotational speed ©2.
This can further enhance the uniformity of the coating state
of the processing liquid R on the wafer W, ,
[00B9] In order to effectively reduce entrainment of bubbles
into the processing liquid R, the inner diameter of the nozzle
32 may be made small at such a level as not to cause a shortage
of the amount of the processing liquid R supplied to the wafer
W. The smaller the inner diameter of the nozzle 32 is, the
smaller is the area of contact between the inner surface of
the nozzle 32 and the processing liquid R; therefore, flow
turbulence is less likely to occur within the nozzle 32. This
reduces entrainment of bubbles into the processing liquid
R,

[0090] From the same viewpoint as the decrease in the inner
diameter of the nozzle 32, smoothing of the inner surface
of the nozzle 32 is effective in reducing entrainment of
bubbles into the processing liquid R. Another effective
method for reducing entrainment of bubbles into the
processing liquid R is to keep the lower end of the processing
liquid R in the nozzle 32 as close to the end surface of the
nozzle 32 as possible before starting the supply of the
processing liquid R.

[0091] The coating unit Ul according to the instant disclosure
comprises: the rotary holder 20 for holding and rotating a
wafer W; the nozzle 32 disposed above the wafer W; the nozzle
moving section 50 for moving the nozzle 32; the processing
liquid supply section 30 for supplying the processing liquid
R to the nozzle 32; and the controller 60 for controlling
the rotary holder 20 to rotate the wafer W at a first

rotational speed wl, controlling the nozzle moving section
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50 to move the nozzle 32 to a position above an eccentric
position on the wafer W which lies at a distance from the
center CL1 of rotation of the wafer W, controlling the
processing liquid supply section 30 to start the supply of
the processing ligquid R to the surface Wa of the wafer W at
the eccentric position at a distance from the center CL1 of
rotation of the wafer W, controlling the nozzle moving section
50 so that the position on the wafer W to which the processing
liquid R is supplied moves toward the center CL1 of rotation
of the wafer W and, after the processing liquid supply
position has reached the center CL1 of rotation of the wafer
W, controlling the rotary holder 20 to rotate the wafer W
at a second rotational speed ©2 which is higher than the first
rotational speed ©l, thereby allowing the processing liquid
R to spread on the surface Wa of the wafer W.

[0092] A recording medium according to the instant disclosure
stores a program for causing an apparatus to perform the
above~described liquid processing method.

[0093] [Reference embodiment]

A reference embodiment will now be described. The
reference embodiment is directed to preventing bubbles from:
remaining on a wafer W by a method different from the method
according to the above-described embodiment. The method of
the reference embodiment can be performed by means of the
same coating unit U1 as used in the above~described embodiment.
The reference embodiment will thexrefore be described only
with respect to a procedure for coating a processing liquid
R.

[0024] In the reference embodiment, as shown in FIG. 13, the
controller 60 first performs step S21. In step S21, as in
the above-described step 501, the transport control section
61 controls the holder portion 22, the lifting portion 26
and the transport arm A3 to carry a wafer W into the coating
unit U1,

[0095] Next, the controller 60 performs step S22. In step
S22, the rotation control section 62 controls the rotating
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portion 24 to rotate the wafer W at a first rotational speed
@2l. The first rotational speed w2l is, for example, more
than 0 rpm and not more than 120 rpm.

[0096] Next, the contrecller 60 performs step S23. In step
523, the second supply position control section 64 controls
the drive 56 tc move the nozzle 42 to a position above an
eccentric position on the wafer W which lies at a distance
from the center CL1 of rotation of the wafer W. Thereafter,
the second supply amount control section 66 controls the
pre-wetting liguid supply source 41 and the valve 43 so that
a pre-wetting liquid S 1is ejected from the nozzle 42.
Consequently, the pre-wetting liquid S is coated on the wafer
W in an area surrounding the center CL1l of rotation of the
wafer W. The amount of the pre-wetting liquid S supplied per
unit time is, for example, 25 to 125 ml/sec.

[{0097] Next, the controller 60 performs step 524. In step
524, the first supply position control section 63 controls
the drive 54 to move the nozzle 32 to a position above the
center CL1 of rotation of the wafer W.

[0098] Next, the controller 60 performs step S25. In step
S25, the first supply amount control section 65 controls the
processing liquid supply source 31 and the valve 33 so that
a processing liquid R is ejected from the nozzle 32. The
supply of the processing liquid R to the surface Wa of the
wafer W is started at the position on the center CLl of
rotation of the wafer W. In this embodiment the supply rate
of the processing liquid R in step 525 is, for example, 1
ml/sec.

[0092) Next, the controller 60 performs step S26. In step
S26, the first supply amount contrel section 65 controls at
least one of the processing liquid supply source 31 and the
valve 33 to decrease the supply rate of the processing liquid
R. FIG. 14A is a graph showing change in the supply rate over
time. 1In the graph, time t21 indicates the time of execution
of step S26. In this embodiment the supply rate of the
processing liquid R after the execution of step S26 is, for
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example, 0.5 ml/sec.

[0100] Next, the controller 60 performs step S27. In step
S27, the rotation control section 62 controls the rotating
portion 24 to change the rotational speed of the wafer W to
a second rotational speed w22. FIG. 14B is a graph showing
change in the rotational speed of the wafer W over time. In
the graph, time t22 indicates the time of execution of step
S27. As shown in the graph, the second rotational speed w22
is higher than the first rotational speed #2l. The second
rotational speed 022 is, for example, 1500 to 4000 rpm. Time
t22‘may be set equal to time t21.

[0101] Next, the controller 60 performs ste'p S§28. 1In step
S28, the controller 60 waits for a preset reference time T3
to elapse. The reference time T3 is, for example, set such
that it allows for the processing liquid R to fully spread
on the surface Wa of the wafer W. In this embodiment the
reference time T3 is, for example, two second, Step 528
corresponds to the above-described step 513.

[0102] Next, the controller 60 performs step 529. In step
S29, the rotation control section 62 controls the rotating
portion 24 to change the rotational speed of the wafer W to
a third rotational speed ©23. In FIG. 14B, time £23 indicates
the time of execution of step S29. As shown in FIG. 14B, the
third rotational speed ©23 is lower than the second rotational
speed ©22. In one example, the third rotational speed w23
is set equal to the first rotational speed 021 in step 522.
Step S29 corresponds to the above-described step S14.
[0103] In step S30, the first supply amount control section
65 controls the processing liquid supply source 31 and the
valve 33 to stop the supply of the processing liquid R. In
FIG. 14A, time t24 indicates the time of execution of step
530.

[0104] Next, the controller 60 performs step 5S31. In step
S31, the rotation control section 62 controls the rotating
portion 24 to rotate the wafer W at a fourth rotational speed
w24, In FIG. 14B, time t25 indicates the time of execution
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of step S31. As shown in FIG. 14B, the fourth rotational speed
®24 is higher than the third rotational speed ©23 and lower
than the second rotational speed w22. Step §31 gorrespoﬁds
to the above-described step 516,

[0105] Next, the controller 60 performs step 532. In step
832, the controller 60 waits for a preset reference time T4
to elapse. The reference time T4 is set such that it allows
for the liquid film on the surface Wa of the wafer W to dry.
The reference time T4 is, for example, 20 to 60 seconds. A
coating film is thus formed on the surface Wa of the wafer
W. Step 532 corresponds to the above-described step S17.
[0106] Next, the controller‘GO performs étep S33. 1In step
S33, as in the above-described step S18, the transport control
section 61 controls the holder portion 22, the lifting portion
26 and the transport arm A3 to carry the wafexr W out of the-
coating unit UIL.

[0107] As described hereinabove, the liquid processing method
according to the reference embodiment comprises starting the
supply of a processing liguid R to the surface Wa of a wafer
W at a position on the center CL1l of rotation of the wafer
W while rotating the wafer W at a first rotational speed 021,
and rotating the wafer W at a second rotational speed w22
which is higher than the first rotational speed w21, thereby
allowing the processing liquid R to spread toward the
periphery of the wafer W. The supply rate of the processing
liguid R is made lower when spreading the processing liquid
R on the wafer W rotating at the second rotational speed w22
than when supplying the processing liquid R to the wafer W
rotating at the first rotational speed ®2l. The time to
spread the processing liquid R on the wafer W rotating at
the second rotational speed 022 can therefore be increased
while reducing the consumption of the processing liquid R.
This can prevent bubbles from remaining on the wafer W.
[0108] While the present invention has been described with
reference to preferred embodiments, it i1s understood that

the present invention is not limited to the embodiments
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modifications within the spirit and scope of the inventive

concept as expressed herein.

DESCRIPTION OF THE REFERENCE NUMERALS
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What is claimed is:

1. A liquid processing method comprising:

starting the supply of a processing liquid to a
surface of a substrate at an eccentric position at a
distance from the center of rotation of the substrate, and
moving the position on the substrate to which the
processing liquid is supplied toward the center of rotation
of the substrate while rotating the substrate at a first
rotational speed; and,

after the processing 1liquid supply position has
reached the center of rotation of the substrate, rotating
the substrate at a second rotational speed which is higher
than the first rotational speed, thereby allowing the
processing liquid to spread toward the periphery of the
substrate,

wherein the amount of the processing liquid supplied
to the surface of the substrate per unit time is made
smaller when the substrate 1is rotating at the first
rotational speed than that when the substrate 1s rotating

at the second rotational speed.

2. The liquid processing method according to claim
1, further comprising initially coating a pre-wetting
liquid, which promotes the spread of the processing liquid
to the periphery of the substrate, onto an area of the
surface of the substrate which lies outside the position at

which the supply of the processing liquid is started.

3. The liquid processing method according to claim
1, wherein the supply of the processing liquid to the
surface of the substrate is started at a position whose

distance tc the center of rotation of the substrate is more
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than 0% and not more than 40% of the radius of the

substrate.

4. The liquid processing method according to claim
1, wherein the substrate is rotated at least one revolution
after starting the supply of the processing 1liquid and
before moving the processing liquid supply position toward

the center of rotation of the substrate.

5. The liquid processing method according to claim
1, wherein the moving speed of the processing liquid supply
position 1is increased as 1t approaches the center of

rotation of the substrate.

6. The liquid processing method according to claim
1, wherein the rotational speed of the substrate 1is
increased as the processing liquid supply position

approaches the center of rotation of the substrate.

7. The liquid processing method according to claim
1, wherein the distance between an outlet opening for
ejecting the processing liquid toward the substrate and the
surface of the substrate is made shorter when the substrate
is rotating at the second rotational speed than that when

the substrate is rotating at the first rotational speed.

8. A non-transitory recording medium storing a
program for causing an apparatus to perform the 1liquid

processing method according to claim 1.

9. A liquid processing apparatus comprising:
a rotary holder configured to hold and to rotate a

substrate;
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a nozzle disposed above the substrate;

a nozzle moving section configured to move the nozzle;

a processing liquid supply section configured to
supply a processing liquid to the nozzle; and

a controller configured to control the rotary holder
to rotate the substrate at a first rotational speed, to
control the nozzle moving section to move the nozzle to a
position above an eccentric position on the substrate which
lies at a distance from the center of rotation of the
substrate, to control the processing liquid supply section
to start the supply of the processing liquid to the surface
of the substrate at the eccentric position at a distance
from the center of rotation of the substrate, to control
the nozzle moving section so that the position on the
substrate to which the processing liquid is supplied moves
toward the center of rotation of the substrate and, after
the processing 1liquid supply position has reached the
center of rotation of the substrate, to control the rotary
holder to rotate the substrate at a second rotational speed
which is higher than the first rotational speed, thereby
allowing the processing liquid to spread on the surface of
the substrate, so as to control the processing liquid
supply section such that the amount of the processing
ligquid supplied to the surface of the substrate per unit
time is made smaller when the substrate is rotating at the
first rotational speed than that when the substrate is

rotating at the second rotational speed.

10. A liquid processing method comprising:

starting the supply of a processing liquid to a
surface of a substrate at an eccentric position at a
distance from the center of rotation of the substrate, and

moving the ©position on the substrate to which the
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processing liquid is supplied toward the center of the
rotation of the substrate while rotating the substrate at a
first rotational speed; and,

after the processing liquid supply position has
reached the center of rotation of the substrate, rotating
the substrate at a second rotational speed which is higher
than the first rotational speed, thereby allowing the
processing liquid to spread toward the periphery of the
substrate,

wherein the amount of the processing liquid supplied
to the surface of the substrate per unit time 1is made
smaller when starting the supply of the processing liquid
than that when the processing liquid supply position 1is

moving toward the center of rotation of the substrate.

11. The 1liquid processing method according to claim
10, further comprising initially coating a pre-wetting
liquid, which promotes the spread of the processing liquid
to the periphery of the substrate, ontc an area of the
surface which lies outside the position at which the supply

of the processing liquid is started.

12. The liquid processing method according to claim
10, wherein the supply of the processing liquid to the
surface of the substrate 1is started at a position whose
distance to the center of rotation of the substrate is more
than 0% and not more than 40% of the radius of the

substrate.

13. The liquid processing method according to claim
10, wherein the substrate is rotated at least one

revolution after starting the supply of the processing
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liquid and before moving the processing liquid supply

position toward the center of rotation of the substrate.

14. The liquid processing method according to claim
10, wherein the moving speed of the processing liquid
supply position is increased as it approaches the center of

rotation of the substrate.

15. The liquid processing method according to claim
10, wherein the rotational speed of the substrate 1is
increased as the processing liquid supply ©position

approaches the center of rotation of the substrate.

16. The 1liquid processing method according to claim
10, wherein the distance between an outlet opening for
ejecting the processing liquid toward the substrate and the
surface of the substrate is made shorter when the substrate
is rotating at the second rotational speed than that when

the substrate is rotating at the first rotational speed.

17. A non-transitory recording medium storing a
program for causing an apparatus to perform the liquid

processing method according to claim 10.

18. A liquid processing apparatus comprising:

a rotary holder configured to hold and to rotate a
substrate;

a nozzle disposed above the substrate;

a nozzle moving section configured to move the nozzle;

a processing liquid supply section configured to
supply a processing liquid to the nozzle; and

a controller configured to control the rotary holder

to rotate the substrate at a first rotational speed, to
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control the nozzle moving section to move the nozzle to a
position above an eccentric position on the substrate which
lies at a distance from the center of rotation of the
substrate, to control the processing liquid supply section
to start the supply of the processing liquid to the surface
of the substrate at the eccentric position at a distance
from the center of rotation of the substrate, to control
the nozzle moving section so that the position on the
substrate to which the processing liquid is supplied moves
toward the center of rotation of the substrate and, after
the processing 1liquid supply position has reached the
center of rotation of the substrate, to control the rotary
holder to rotate the substrate at a second rotational speed
which is higher than the first rotational speed, thereby
allowing the processing liquid to spread on the surface of
the substrate, so as to control the processing liquid
supply section such that the amount of the processing
liquid supplied to the surface of the substrate per unit
time is made smaller when starting the supply of the
processing liquid than that when the processing 1liquid
supply position is moving toward the center of rotation of

the substrate.



